Aim: To study whether dental caries, periodontal disease, and stomatitis, and the related inflammatory burden associate with diagnosed Alzheimer's disease (AD) and dementia among older people.
INTRODUCTION
Alzheimer's disease (AD) is progressive brain atrophy, where an increasing accumulation of cortical senile plaques and formation of a neurofibrillary tangle, protein tau, are observed in the brain. 1 Although the exact etiology is not known, recent studies have indicated that inflammation in the central nervous system plays a key role in the onset and progression of AD. 2, 3 It has been hypothesized that oral diseases-especially inflammatory diseases-have an influence on the develop-© 2019 Special Care Dentistry Association and Wiley Periodicals, Inc. ment or progression of AD. 4, 5 Especially periodontitis and periapical lesions are interesting candidates, first because they cause low-grade inflammation that can spread into the brain and secondly because endotoxins of certain causative bacteria are able to penetrate blood-brain barrier. 6, 7 Also, causative bacteria for oral diseases, such as Treponema denticola, Porphyromonas gingivalis, and Streptococcus mutans, appear to have neuroinvasive properties. [8] [9] [10] Information about Candida yeasts' potential effect on AD is currently miniscule, but it has been reported that Candida yeasts enhance neural inflammation. 9 It has been suggested that this takes place through either a systemic mycosis 11 or an influx of fungal molecules into the brain. 12 The aim of this cross-sectional study was to investigate whether oral diseases, measured as the number of carious teeth, the number of teeth with periodontal pockets with ≥4 mm depth, or the presence of stomatitis, are associated with diagnosed AD and dementia in general. The other aim was to study whether the inflammatory burden related to oral diseases is associated with AD and dementia. The hypothesis of this study was that people with dental caries, periodontal disease, or stomatitis are more likely to have AD or dementia than those who are free of these oral diseases.
MATERIALS AND METHODS

Study population
The Oral Health GeMS-study is a part of the larger Geriatric Multidisciplinary Strategy for Good Care of the Elderly (GeMS) study, which was a population-based intervention study aimed at preventing disability among participants. For the GeMS study, 1000 individuals aged 75 years or older were sampled from the total population living in Kuopio, in eastern Finland, on the 1st November in 2003. These 1000 trial subjects were divided into intervention and control groups, both consisting of 500 subjects. A Comprehensive Geriatric Assessment was carried out for 404 subjects in the intervention group. Clinical oral examination data were collected from 354 of the 404 subjects in the above-mentioned intervention group (27 refused and 23 died before the oral examination) in 2004 and early spring 2005. In this particular study, we further restricted the study population to nonsmoking persons with at least one natural tooth (n = 170).
Written informed consent was acquired from the participants or from their relatives or caregivers and the study protocol was approved by the ethics committee of Kuopio University Hospital and the University of Kuopio. For further information about the original GeMS-study or the Oral Health GeMS-study, we recommend articles by Karttunen et al. 13 and Komulainen et al. 14 
Comprehensive Geriatric Assessment and interventions
A geriatrician and a trained nurse conducted a structured clinical examination and an interview of the intervention group (n = 404). In the clinical examination, they assessed the participant's physical and mental status and checked their medication. Laboratory tests were also taken. The questions in the interview covered the participant's health, health behavior, and social life. Diagnoses were self-reported by the participants and complemented with data obtained from Special Reimbursement Registers maintained by the Social Insurance Institution of Finland, and from medical records of the Health Care Centre, home service, local hospitals, and Kuopio University Hospital. If a participant could not answer the question, a relative and/or caregiver provided the information. The geriatrician and nurse made a home or institutional visit if a participant was unable to visit the Health Centre.
General health-related interventions started in 2004 and they continued to be carried out parallelly with clinical oral examinations. The interventions were aimed at preventing disability and they were given based on an individual need. These interventions included medication review and physical activity guidance. All the participants of the present study belonged to the intervention group.
Outcome variables and cognitive function
In this study, the primary outcome was diagnosed AD and the secondary outcome was all diagnosed dementias, which included AD, vascular dementia, and dementia with Lewy bodies.
The diagnoses of AD and vascular dementia were done according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria 15 and dementia with Lewy bodies was clinically diagnosed according to the criteria presented by McKeith et al. 16 All dementia diagnoses were based on a comprehensive clinical examination carried out by a geriatrician and the diagnostic procedures included a computer tomography/magnetic resonance scan, laboratory tests, and exclusion of alternative diagnoses. In addition, a history of cognitive decline was obtained by interviewing the participants and his/her relatives and examining medical records. If the participant did not meet the diagnosis criteria of AD or any other type dementia, they were considered as being free of these diseases. Participants' cognitive function was assessed by using the Mini-Mental State Examination (MMSE). 17 The MMSE scores ranged from 0 to 30, with higher scores indicating better cognitive function.
Clinical oral examination
Clinical oral examination data were collected by two dentists. The examination included a structured interview of oral health and dental care habits. Before the data collection, the dentists were calibrated by examining together seven study participants for training purposes. Examinations were not repeated because of the high age of the participants and the length of the examination. All participants were examined by a dentist and a dental hygienist or dental nurse in a standardized manner based on written instructions. The clinical oral examination was conducted in a dental unit equipped with a dental chair and lamp by using a mouth mirror, WHO color-coded periodontal probe, gauze pad, saliva suction, and syringe. Most of the clinical oral examinations were conducted in the dental clinic, but if a subject preferred an examination at home, a dentist and a dental hygienist or a nurse made a home or institutional visit. During a home or institutional visit, the dentist used a head lamp or flashlight if needed, and cotton rolls and gauzes were used for drying.
Explanatory variables
We used the number of teeth with periodontal pocket depth of 4 mm or more, the number of carious teeth, and the presence of stomatitis as explanatory variables. The periodontal pockets of all teeth were probed at two sites, mesial-buccal and distal-palatinal/lingual surfaces, but only the deepest pocket depth of each tooth was registered. In the analysis, the variable was used as: no teeth with periodontal pockets versus having at least one tooth with periodontal pocket depth ≥4 mm (categorical variable). The variable was used also as a continuous explanatory variable, that is, a number of teeth with periodontal pockets (≥4 mm).
Dental caries was diagnosed by tactile and visual examination on five surfaces of each tooth as root caries, crown caries, crown, and root caries, or carious dental radix. The tooth was registered as a carious tooth if any of the above-mentioned criteria were fulfilled on any surface of the tooth. Dental caries was classified into three categories: (1) no teeth with caries, (2) 1-2 teeth with caries, and (3) ≥3 teeth with caries. In the analysis, the variable was used also as a continuous explanatory variable.
The oral mucosa was examined for any oral lesions on the buccal tissues, palate, tongue, under the tongue, gingiva, and alveolar ridges. All findings were registered by their location, color, and surface structure, but not according to the size of the lesion. The presence of stomatitis was determined by visual inspection of any smooth or nodular redness in the oral mucosa. Denture stomatitis was determined if similar lesions were visible under removable dentures. For this study, stomatitis and denture stomatitis were combined and in the analyses, stomatitis was used as dichotomous variable (No vs. Yes).
Inflammatory burden was determined by giving numeric values to each of the oral diseases according to their severity and then adding up the values. Periodontal disease was classified into three point-categories (N periodontal ): 0 points = no periodontal pockets, 1 point = one to three periodontal pockets (≥4 mm), and 2 points = four or more periodontal pockets (≥4 mm). Dental caries was also classified into three categories (N caries ): 0 points = no dental caries, 1 point = one to two carious teeth, and 2 points = three or more carious teeth. Stomatitis was classified into two point-categories (N stomatitis ): 0 points = no stomatitis, 1 point = stomatitis. A higher number represents a more severe burden caused by the inflammatory oral diseases and the maximum value is five.
Potential confounding factors
Education was classified into two categories based on the number of years of formal education: a lower education level being compulsory comprehensive school or less (<7 years), a higher education level being secondary school or occupational education (≥7 years).
Participants diagnosed with diseases were identified by combining data from the interview, medical records, and medication registers. The following diagnosed diseases were included: diabetes, hypertension, coronary heart disease, and stroke.
Dementia among relatives was assessed during the interview with a question: Who among your close relatives has dementia? Participants reported close relatives, such as grandparents, parents, siblings, or uncles/aunts, having dementia or suspicion of dementia.
The statistical methods
Poisson regression models with robust error variance 18 were used to estimate relative risk (RR) with a 95% confidence interval (CI 95%). All the models were adjusted for age, gender, education, diabetes, hypertension, coronary heart disease, stroke, and dementia among relatives. SPSS (Chicago Ill., USA) 24.0 software for Windows was used to analyze the data.
RESULTS
The characteristics of the study population according to cognitive status are shown in Table 1 . Of the total population, 11% (n = 18) had AD and 4% (n = 7) had other form of dementia. The MMSE mean scores were 28 in cognitively healthy and 18 in participants with any form of dementia. The proportion of AD among people with dental caries was 13%, 11% among persons with periodontal pockets (≥4 mm), and 14% among people with stomatitis.
Unadjusted RRs for explanatory variables are presented in Table 2 . Adjusted RRs from regression models are presented in Table 3 . After adjustment for risks for dementia, it was found that persons with ≥3 carious teeth had a higher likelihood of having AD when compared to those with no carious (Table 3) . Persons with deepened periodontal pocket with pocket depth ≥4 mm had an increased, although not statistically significant, likelihood of having AD when compared to persons without periodontal pockets with pocket depth ≥4 mm (RR: 1.54, CI: 0.52-4.56). For the continuous variable, the number of teeth with deepened periodontal pocket with pocket depth ≥4 mm, the RR was 1.03, CI: 0.96-1.10 (Table 3) . For stomatitis, the RR was 1.17 (CI: 0.36-3.79) and for the continuous inflammatory burden variable, 1.44 (CI: 1.04-2.01).
In addition to AD, an association with having any type of dementia, in general, was also studied. Regarding periodontitis, stomatitis, and inflammatory burden, the analyses showed in most cases lower risk estimates for diagnosed dementia compared to the risk estimates of AD (Table 3) .
DISCUSSION
We found dental caries, periodontal disease, stomatitis, and inflammatory burden to be associated with diagnosed dementia and AD. The results also showed that periodontal disease, stomatitis, and inflammatory burden associated with diagnosed AD more strongly than with diagnosed dementia in general. However, it must be pointed out that due to the low number of AD cases and the relatively small dataset, most of the risk estimates were statistically nonsignificant. RR, relative risk; CI, confidence interval. Models were adjusted for age, gender, education, diabetes, hypertension, coronary heart disease, stroke, and dementia among relatives. Results of multivariate regression models.
T A B L E 2 Relation between study variables and Alzheimer´s disease and dementia in general
Due to the complexity of AD's pathology and the multiple risk factors (sociodemographic, general health, etc.) associated with AD, it is challenging to determine how oral diseases have effect on AD. According to the current understanding of AD's pathology, an inflammation is an important component in the onset and progression of the disease. 2, 19 It has been hypothesized that certain oral diseases could have an influence on AD either by causing a low-grade inflammation, 7, 20 by activating microglia cells via proinflammatory molecules, 21 or by microbial invasion into the brain. [8] [9] [10] 22, 23 It has also been speculated that the effects of oral diseases on cognitive function might be mediated through changes in diet that in turn are related to impaired mastication. 24, 25 It must be emphasized that this study has a cross-sectional design and that we cannot draw any conclusions about the causal role of oral diseases in the development and progression of AD because we do not have data about the initiation and progression of AD, or other dementias, or oral diseases. This prevents us from determining whether oral diseases are a cause or a consequence of dementia. This problem has also been acknowledged in a recent systematic review focusing on longitudinal studies. 26 Since in many cases oral diseases are a consequence of dementia, it is by no means unexpected that several previous studies have reported an association between oral diseases and dementia or cognitive decline. Regarding dental caries, it is important to note that there are findings for 27 and against it. 28, 29 The findings of the present study related to periodontal condition and AD are-to some extent-in line with a number of earlier studies that have shown gingival inflammation, 30 alveolar bone loss, or probing depth to be associated with low cognition scores. 27, 31 Also, the finding related to stomatitis is in line with earlier studies that have shown an association between fungal infections and AD. 11, 12, 32 Based on these findings, it is not surprising that also inflammatory burden, originally resulting from dysbiotic oral microbiome, 33, 34 was associated with AD.
STRENGTHS AND LIMITATIONS
In this study, diagnosed AD was used as a primary outcome and any type of diagnosed dementias, in general, was used a secondary outcome. The use of two outcomes made it possible for us to study the possible specificity of the associations.
Diagnoses of AD and other dementias were determined by a physician with the help of the Diagnostic and Statistical Manual of Mental Disorder, fourth edition. 15 The participants without any dementia diagnose were considered as noncases despite the fact that some of them had a mild cognitive impairment. This may have caused the attenuation of risk estimates. When studying AD, the risk estimates may have been further attenuated due to the fact that the participants with other types of dementias than AD, were considered as noncases.
In this study, the periodontal condition was assessed by probing the depths of periodontal pockets and recorded as the number of teeth with periodontal pocket depth ≥4 mm. This measurement was robust, as only the deepest periodontal pocket of each tooth was registered. A limitation in the assessment of periodontal condition was that clinical attachment loss was not measured. This recording method might have underestimated the extent and severity of periodontal disease.
Classification of dental caries was based on a restorative treatment need, measured by a visual and tactile examination of each surface of the tooth and registered at tooth level. This robust classification method was used because of the time limitation and because the Oral Health GeMS focused on individual treatment need. A limitation related to dental caries detection was that radiographs were not taken routinely, most likely leading to underregistration of dental caries. Due to the absence of periapical radiographs, we cannot even speculate on the presence of periapical lesions.
The current study differs from the previous ones by the inclusion of different oral diseases as explanatory variables. Most of the earlier studies have focused on only one oral disease at a time, such as periodontitis, dental caries, or stomatitis, whereas this study included all the above-mentioned diseases. In addition, a specific variable was used to measure the inflammatory burden. Although this variable takes into account the severity of dental caries and periodontitis, it is still important to keep in mind that this variable is a fairly crude measure. At the moment there is no clear "gold standard" for measuring inflammatory burden, and different methods have been used as a measure based on serological tests, 35 questionnaires on past exposure to infectious diseases, 36 or clinical oral parameters.
It is known that dementia risk is associated with traditional risk factors of cardiovascular diseases, such as high blood pressure, smoking, diabetes, and high cholesterol. 37 Thus, we applied multivariate regression models to take into account the confounding effect of other competing risks. The potential confounding effect of smoking was controlled by excluding smokers from the study. Despite our efforts, it is possible that residual confounding may exist, for example, related to attitudinal factors, like attitudes toward physical activity, exercise, and diet.
IMPLICATIONS
According to current knowledge, systemic inflammation can become several-fold in the brain, leading to an accumulation of proteins. This accumulation of proteins reduces the function of neurons and eventually destroys them. Although there is no conclusive or strong evidence of the role of oral diseases on cognitive brain functions, from the point of view of general health it is important to reduce the oral derived systemic infection and inflammation. By enhancing oral hygiene and treating oral diseases in patients of all ages, it is possible to improve oral health and, thus, reduce consequent low-grade systemic inflammation and prevent transient bacteremia.
CONCLUSION
Within the limitations of this study, we conclude that oral diseases and their inflammatory burden were in most cases associated more specifically with diagnosed AD than diagnosed dementias in general. Of the oral diseases studied, dental caries was found to be associated most strongly with diagnosed AD and dementia.
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